Sesame paste, usually served as a dressing in some local dishes and the desserts in Southeast Asia and the Middle East, requires mixing with water before consumption to form a thin emulsion of the oil-in-water type. Usually water addition is performed empirically and it is difficult to keep the quality of water-mixed sesame paste consistent. In this study, the rheological behavior of sesame paste with different ratios of sesame paste to added water was investigated. The sesame paste tested contains 59.71% of crude fat and 17% of protein. The ratios of sesame paste to added water (w/v) were 1 : 0.75 (T1), 1 : 1 (T2), 1 : 1.25 (T3), and 1 : 1.5 (T4), respectively. All the samples showed the properties of the viscoelastic solids. The samples T1 and T2 behaved as a pseudoplastic material, whereas the apparent viscosity of T3 and T4 remained almost unchanged with the shear rate increasing. T2 had the moderate area of thixotropy loop (57.32 Pa/s) among the tested samples and scored the highest in the sensory evaluation. Therefore, our study suggested that ratio of sesame paste to added water of 1 : 1 (w/v) is suitable for preparing dressings for different dishes.
Introduction
Sesame paste, a suspension of the hydrophilic particles dispersed in the oil, has an oil content of approximately 60% and is a typical oil condiment [1] .
Commercial sesame paste is often viscous and required mixing with water before consumption [2] . Usually water addition is performed empirically and mainly judged by sensory taste, which is not suitable for preparing large amount of sesame paste; therefore, it is hard to meet the need in the hotpot or dry noodle industry when homogeneous mixing and consistent taste are required for large amount of sesame paste. The previous studies of rheological properties of sesame paste allow us to understand not only the changes in the texture and structure of sesame paste, but also the variation pattern of mechanical properties related to processing [1, [3] [4] [5] [6] [7] . However, the contribution of water addition to the overall rheological properties of the sesame paste has not been studied. The objectives of this study were to investigate the rheological behaviour of sesame paste as a function of water addition and determine the suitable amount of water added to the sesame paste when being used as the dressing and other condiments.
Materials and Methods

Samples.
The commercial sesame paste sample was obtained from "Ruifu Oil and Fat Co. Ltd" (Weifang, China), which was made from the white sesame seed; its proximate composition was shown in Table 1 . A certain amount of water was slowly added to sesame paste of 10 g in the beaker, and then, the mixture was stirred with the glass-stick for about 5 min to get the homogeneous emulsion. The ratios of sesame paste to water (w/v) were 1 : 0.75, 1 : 1, 1 : 1.25, and 1 : 1.5, and labeled as T1, T2, T3, and T4, respectively; all the samples were prepared just before the rheological test and allowed to rest for 10 min prior to measurement. The sesame paste without adding water was used as the control, labeled as CK. All reagents used were of analytical grade.
Analytical Methods.
The content of protein, moisture, ash, and fat in the sesame paste was determined using the 2 Journal of Chemistry [8] . The content of fibre was determined according to van Soest et al. [9] .
Measurement of the Rheological Properties.
The rheological properties of the sesame paste were measured using A HAAKE Rheostress 60 rheometer. A power law model was used to fit the data as follows:
where is the shear stress, Pa; is the shear rate, 1/s; is the consistency coefficient, Pa⋅s; and is the flow index.
Sensory Evaluation.
The sensory evaluation was determined by ten semitrained panelists. Six attributes including color and lustre, smell, texture, and taste were used to describe the sensory characteristics of the sesame paste. Every attribute was scored from 0 (attribute bad or abnormal) to 5 (attribute good and characteristic), and the data presented were the average of ten scores.
Data Analysis.
All the data were analysed with the HAAKE Rheowin Data Manager 4.63.000, SPSS 16.0, and Excel 2003. Table 1 showed that the sesame paste tested in this study contains 59.71% of crude fat, 17.00% of protein, 3.78% of crude fibre, 7.70% of total sugars, and 5.01% of total ash, respectively. The acid value was 1.07 mgKOH/g. The content of crude fat was similar to the roasted sesame seeds of two kinds of sesame in Cameroon [10] but higher than that of the raw sesame seeds produced in Syria [11] and Sudan [12] . This may be due to the fact that the preparation of the sesame paste involves the roasting procedure, which resulted in somewhat dehulling and the loss of water, and thus the content of crude fat was relatively elevated.
Results and Discussion
Proximate Composition.
Static Rheological Properties.
The shear stress versus shear rate behaviour of the sesame paste with different amount of added water was measured at 25 ∘ C (Figure 1 ). The results showed that, at the same shear rate, T1 exhibited the greatest shear stress, whereas T4 exhibited the lowest shear stress. Interestingly, the initial shear stress of T2 was greater than that of CK; however, it was lower than that of CK when the shear rate was higher than 5 S −1 . The shear stress of T3 and T4 maintained the same level despite increasing the shear rates. We suspected that the molecular interactions of T3 and T4 were weak which made the samples flow easily.
The effect of the shear rate of the sesame paste on the apparent viscosity was also tested in this study (Figure 2) . The results showed that samples T1, T2, and control CK performed a shear thinning behaviour like a pseudoplastic material in which the apparent viscosity decreased when the shear rates increased. This result was consistent with that of hulled and unhulled sesame paste [6] , milled sesame [13] , and sweetened sesame paste [7] .
The apparent viscosity of T1 (ratio of paste/water was 1 : 0.75) was the highest at first but decreased fast with the shear rate increasing. The apparent viscosities of the rest of the sesame paste samples decreased slowly with increasing shear rates (Figure 2) . The initial apparent viscosities of T3 (ratio of paste/water was 1 : 1.25) and T4 (ratio of paste/water was 1 : 1.5) were low and remained stable with increasing shearing rates, indicating that these two sesame paste samples were too dilute and thin; therefore, these two ratios of paste and water are not suitable for salad dressing. The initial apparent viscosity of T2 (ratio of paste/water was 1 : 1) was similar to that of the original sesame paste; however, its apparent viscosity decreased rapidly when the shear rate increased, indicating that the ratio of paste and water at 1 : 1 has the excellent tackiness at stationary conditions and flows easily while stirring; thus, ratio of 1 : 1 is suitable for salad dressing and hot pot dishes.
Thixotropy.
The thixotropy loop was obtained by increasing, holding, and decreasing the shear rate of samples ( Figure 3) . The areas of the thixotropy loops represent the energy of the samples to eliminate the time-dependent effect on rheological behaviour [14] ( Table 2 ). The results showed that when the paste and water ratio was at 1 : 0.75 (sample T1), the shear stress increased fast with the shear rate increased, which reached as high as 970 Pa (Figure 3) . Meanwhile, the area of the thixotropic loop was also the highest when the ratio of sesame paste and water was at 1 : 0.75, which was 61 times larger than that of 1 : 1 ratio (sample T2) ( Table 2 ) and about 3 times larger than yogurts [15] , which indicated that it may require longer time to recover to original structure when the sesame paste and water ratio was at 1 : 0.75. The sesame paste and water ratio of 1 : 1.5 (sample T4) showed the smallest area of the thixotropic loop, 8.14 Pa/s, which indicated that it is extremely easy to recover to original structure when adding 1.5 times the amount of water to the sesame paste. T2 showed a moderate thixotropy loop area of 57.32 Pa/s.
Dynamic Viscoelasticity.
Dynamic oscillatory shear test was used to characterize the relationship between viscoelastic properties of the sesame paste samples and the changes of (the storage modulus) and (the loss modulus) (Figure 4 ). represents the energy stored in the material; indicates the measurement of energy dissipated during every cycle [16] . If ≥ , the samples present characteristics of viscoelastic solids; if ≤ , the samples show characteristics of fluids [17] . The results showed that 1 : 0.75 (T1) and 1 : 1.5 ratio (T4) of sesame paste and water displayed the highest and the lowest storage modulus , respectively. However, all the samples showed higher than the loss modulus when the frequency range was within 0.1-10 Hz (Figure 4 ), which demonstrated a behaviour of a gel and the properties of a viscoelastic solid [18] .
Sensory Evaluation.
The sensory evaluation of sesame paste with different ratio of water was assessed and the results were analysed ( Table 3 ). The ratio of 1 : 0.75 (T1) and 1 : 1.5 (T4) showed the lowest texture and total sensory score. The ratio of 1 : 1 (T2) showed the highest total score which exhibited a light yellow color and lustre, a rich and typically aromatic smell of sesame paste, and appropriate viscosity. Therefore, the results of our study showed that the ratio of sesame paste and water at 1 : 1 is suitable for salad dressing and hot pot dishes.
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